Use of waste materials in concrete is now a global trend for efficient waste management so as to achieve a sustainable green environment and with the added advantages of preserving the natural resources as well as producing a better performing concrete. This study examined the properties of concrete containing ground waste glass powder (GP) as partial replacement for cement. The waste glass was finely grounded into powder and the morphology imagery of the powder materials was carried out using scanning electron microscopy (SEM). Moreover, the chemical composition of the glass powdered material was determined using X-ray fluorescence (XRF). Laboratory tests were carried out to determine the strength activity index, workability, split tensile and compressive strength properties of the concrete with 0%, 15%, 18%, 21%, 24%, 27% and 30% partial replacement of cement with the ground waste glass powder. The results showed that the oxides composition of the glass powder meets the requirements for pozzolanic material, while the SEM morphology shows materials of amorphous flaky solid masses, and based on the 28-day strength activity index, concrete containing 21% cement replacement shows a higher strength index above the recommended 75%. It was also observed that workability of the concrete reduced with increase in percentage glass content while significant improvement of the compressive strength of the concrete was achieved at 21% cement replacement, after which a decrease in strength with increasing percentage glass content was observed. The revealed results were confirmed by the microstructural examination using SEM showing a denser concrete at 21% cement replacement but increase porosity as the glass content increases. However, a decrease in split tensile strength was observed with increasing glass content. The results clearly showed that it is possible to produce moderate strength sustainable concrete for structural application using 20% glass powder as cement replacement.
Introduction
In recent years, sustainable development in the construction industry has become a critical issue because of climate change which is now more apparent and real. The high depletion of natural resources, increasing amount of generated industrial wastes and environmental pollution are some of the factors which are responsible for obtaining new solutions for sustainable development [1] . The EPA report of 2015 emphasized that one of the common strategies of achieving and improving on sustainable development in every aspect of our society is to reduce, reuse, and recycle [2] . In addition, comment by [1] mentioned that sustainable development can only be achieved if the resource efficiency can be increased through reduction in use of energy and materials. For the construction industry, the benefits of this strategy include preservation of the natural resources, reduction in CO 2 emission, energy saving and waste reduction. The construction industry is one of the largest consumers of natural resources, responsible for the extraction of up to 60% of natural total world's production. Also, about 83% of the EU glass production was container glass and flat glass [17] . According to the EU report the total amount of glass production is expected to increase due to increase in industrialization and improvement in the living standard [18] . However, there is no sufficient statistics on the quantity of waste glass generated in the world [14] . In 2004, report by the UN estimated the volume of annual disposed solid waste in the world over to be about 200 million tonnes, of which 7% of the waste is made up of glass waste [16, 19] . The EPA report published in 2013 on Municipal Solid waste reported that approximately 12 million tonnes of waste glass was generated in the United States, while in 2010, the percentage of glass waste was about 4.2% of the total generated waste [19] [20] . In 2007, the estimated total amount of waste glass generated in the EU was 25.8 million tonnes [21] . The quantity of generated glass waste is expected to gradually increase in the recent years due to increasing demand and use of glass products [21] . For example; the total amount of EU's generated glass waste in 2002 was 3 million tonnes, while in 2008, it was about 4.1 million tonnes [18] . Of recent, there is an increased effort in waste glass recycling, with over 26% of glass waste recovered for recycling, still almost 74% of waste glass that is collected is still being disposed in landfills. Some of the challenges faced in achieving complete recycling of glass waste are attributed to comingling of different coloured glasses at the source, cost and as well as difficulty encountered in removing other contaminants and residues from the waste glass streams [16, 22] . This challenge can be eliminated through reusing the waste glass in crushed granular form or in finely ground powder material in concrete. The concrete serving as a potential means of efficiently managing glass wastes, to reduce the depletion of natural resource materials, and reduce costs [11] [12] [13] . Ismail et al. [25] reported that waste glass and sand have approximately the same physical properties. However, a major barrier limiting the widespread use of waste glass in concrete as a granular aggregate is the durability concern of the resulting concrete. This is due to the susceptibility of the glass, especially soda-lime glass to alkali-silica reaction (ASR). Extensive research studies have been carried out on the use of waste glass in concrete in the form of either crushed granular material as a substitute for natural aggregate or as a finely powdered material for cement replacement [11] [12] [13] [14] [15] , focusing more on producing high strength concrete and using a higher percentage proportion of the finely glass powder material to replace cement. Studies showed that the use of finely ground glass powder (with an average particle size of 17 µm) in concrete could substantially alleviate ASR concerns, even when crushed glass was used as an aggregate material [29, 31] . This current study examined the fresh and hardened properties of concrete employing low dosage levels of finely ground glass powder as cement replacement in the production of normal concrete for structural application.
Earlier studies on the use of crushed waste glass as aggregate in concrete found out that concrete produced with glass aggregates cracked because of the deleterious alkali-silica reaction (ASR) [22] [23] . Furthermore, various studies have been done on reusing waste glass as aggregate and as cement replacement in concrete. Most of these studies tried to investigates the effects and optimum percentage of waste glass that can be used as aggregate and cement substitute in the production of concrete [24] [25] [26] 30, [32] [33] [34] . Research studies, however, revealed that ASR may not occur if the waste glass is in finely ground size, usually less than 75-100 μm size [32] , because the particle size of the glass aggregate contributed to the harmful reaction of ASR. Moreover, it was reported that the expansion due to ASR increased with increasing particle sizes of the waste glass material. Also, the expansion increased as the percentage dosage of the waste glass increased [33, 43] . In addition, Corinaldesi et al. [32] established that 70% of waste glass of particle sizes of 36-50 mm can be safely used as aggregate in concrete without the fear of expansion. Studies by Ismail et al. [25] on the density and fresh properties of concrete containing waste glass as fine aggregates showed a progressive decline in the slump values attributed to the poor geometry of the glass particles (see also Olofinnade et al. [30] ). A decrease in the density of the concrete was also reported with increasing waste glass aggregates [25] . Terro [44] observed an improvement in the workability of concrete containing waste glass as coarse aggregate (19 mm to 9.5 mm) with percentage replacement that is over 50%. However, influence of using less than 25% was observed to be negligible. Park et al. [35] also reported a decrease in the workability and increase in the air content as the glass content increased, attributed to the angular shape of the glass particles. A study by Kou et al. [40] on properties of self-compacting concrete containing waste glass (less than 5 mm particle size) as fine aggregate replacement showed that the use of fine waste glass aggregate improved the workability of the concrete, but higher level of segregation was observed in the concrete mixtures. However, as the proportion of the fine glass aggregate increased, the compressive and tensile strength decreased. Furthermore, different studies were carried out to investigate the mechanical properties of concrete containing waste glass as aggregates by different researchers. Studies showed a decrease in the compressive strength as the percentage of the glass content increased [30, [34] [35] 40] . Park et al. [35] attributed the low compressive strength to the poor shape of the glass aggregate which caused a decrease in the adhesive strength between the glass aggregate and the cement matrix. However, results obtained by Olofinnade et al. [30] showed that the compressive strength increased with increasing percentage of waste glass up to 25%, agreeing with the results obtained by [25] [26] 37] , but only up to 20%. Also, the results obtained by [26, [37] [38] on concrete containing waste glass aggregate showed increase in tensile strength for up to 25% replacement but decreased with further increase in glass content. However, Olofinnade at al. [30] found that the tensile strength decreased as the percentage waste glass content increased, with the same results reported by [35, 39] . Study by Idir et al. [33] observed that the particle sizes of the waste glass also influenced the compressive strength due to increased pozzolanic properties. Metwally [36] reported an improvement in the mechanical properties of concrete containing finely milled waste glass at later ages. In addition, results showed that the flexural strength of concrete decreased with increased percentage of the waste glass aggregate [26, 35, 39] . But in contrast, results reported by Batayneh et al. [37] and Mageswari et al. [38] , showed that the flexural strength increased as the percentage of the fine waste glass aggregate increased up to 20%. Furthermore, waste glass when finely ground can be used in concrete acting potentially as a pozzolan because of the high silica content, improving the mechanical and durability properties of concrete. In addition, [29, 31, 45] emphasized in their studies that the fineness of the finely ground glass powder plays a vital role in its pozzolanic reactivity behaviour. Meanwhile, Taha et al. [46] observed that the slump values obtained for concrete mixtures containing 20% glass powder with an average particle size of 45 µm and control mixture without glass powder were similar. Moreover, Shayan et al. [47] revealed that the slump values of fresh concrete mixes containing 10% and 20% glass powder with an average particle size of 10 µm were less than that of the control mixtures without glass powder. However, the results reported by Schwarz et al. [42] showed that a slump value of concrete mixture containing 10% glass powder with average particle size of 25 µm is more than that of the mixture without glass powder.
Shao et al. [45] studied the effect of waste glass powder of three different average particle sizes of 38, 75, and 150 µm on the strength development of concrete containing 30% of waste glass powder as replacement for cement. The results showed a decrease in the compressive strength for all ages including 90-day compared to the control. However, concrete containing 35 µm particle size exceeded the 90-day strength of the control concrete. Also, experimental study by Ozkan et al. [41] on the influence of waste glass powder as a substitute for cement on the compressive strength of mortar mixtures observed that as the waste glass powder increased, the compressive strength decreased for the mortar cubes which was attributed to the lower pozzolanic reactivity of the glass powder especially for early ages. Furthermore, Matos and Coutinho [48] also studied the strength activity index of concrete with partial replacement of cement using different percentages of waste glass powder of 10 and 20%. The results of the strength activity index for the 10% and 20% concrete was 97% and 103% respectively compared to the concrete without waste glass while the results of the compressive strength decreased as the percentage of the waste glass increased. In addition, [31] investigated the fineness of waste glass powder on the pozzolanic reactivity and ASR mitigation of the waste glass powder. Moreover, the strength activity index test (SAI) was conducted on mortars containing different average particle sizes of 17 µm and 70 µm glass powders. The results showed that the 7 and 28-day strength activity index values of the mortars containing 5, 10, 15 and 20% of either 17 µm or 70 µm glass powder were less than 100%. The 56-day strength activity index values of the mortars containing the same percentage replacement of 17 µm glass powder were 101%, 106%, 102% and 96%, while the 56-day strength activity index values of the mortars containing 70 µm glass powder were significantly less than 85%. The results clearly indicated that glass powder of 17 µm particle sizes showed better pozzolanic reactivity regardless of the dosage level of the glass powder at both early and later ages [31] . Again, study by Khmiri et al. [49] examined the pozzolanic properties of waste glass powder material when used to partially substitute cement at a constant dosage of 20%. Four different particle sizes less than 100 µm, 80 µm, 40 µm and 20 µm sizes were used for the experiment. The experimental results showed that the compressive strength increased as the particles size of the waste glass decreased proving that the waste glass exhibited pozzolanic properties when finely ground to less than 20 µm. The results also showed that waste glass improved the mechanical properties of concrete when 20% of the 20 µm waste glass was used as cement substitute. The objective of this research study was to determine the optimum percentage of recycled waste glass employed in finely powdered material that can be used to partially substitute Portland cement in production of normal strength concrete. The study focused on evaluating the pozzolanic properties, fresh and hardened properties of concrete employing low levels of finely ground glass powder as cement replacement in the production of normal concrete for structural application. Furthermore, microstructural evaluation of the hardened concrete was assessed using the scanning electron microscopy (SEM).
Experimental Program
Cementitious material: The cement used for this study was the ordinary Portland cement CEM I 42.5 grade, conforming to the British standard specifications [50] . The cement was commercially sourced with low-alkali content [Na 2 O eq = 0.17%]. The chemical composition of the cement was determined using the X-ray fluorescence (XRF).
Waste glass powder (GP):
The waste glass employed in this study was sourced as mixedcoloured waste glasses from dumpsites and waste collection centres within Ota, Ogun state, Nigeria. The waste glass materials used are mostly soda-lime glass; that is, the glass waste comprises mainly container glass bottles and flat glasses. Before crushing, the waste glasses were thoroughly washed with water and dried to remove impurities and dirt. To activate the pozzolanic reactivity and suppressed alkali-silica reaction, the waste glass was crushed and further grounded to required degree of fineness using a mill crusher equipment and sieved through a 0.075 mm sieve openings to achieve consistent particle sizes as shown in Fig. 1 . The chemical compositions of the ground waste glass powder were analysed using XRF. The results of the oxide compositions were compared to the requirements of ASTM C618 [51] for a pozzolanic materials to function as partial replacement for cement. The morphology of cement and glass powder (GP) materials were investigated by scanning electron microscopy (SEM). The specific gravity and water absorption properties of the glass powder is given in Table 1 . The SEM imagery scan showing the morphology of the cement and glass powder materials are shown in Fig. 2 . The scan revealed the presence of amorphous flaky solid masses material for the glass powder compare to the broad and angular solid shapes of the cement materials. Aggregate materials: The river sand and granite aggregate (natural aggregates) used for this study were sourced commercially. River sand having its particles size ranging from 0.075 to 4.75 mm and granite having a maximum size of 20 mm were used for production of the concrete specimens used for this research. The physical properties and the particle size distribution for both river sand and granite materials are presented in Table 1 and Fig. 3 respectively. Particle size distribution: The particle size distribution curves of cement, glass powder, sand and granite are shown in Fig. 3 . The fineness modulus of both the fine and aggregate was 2.69 and 6.50 respectively, an indication that the aggregate materials were good for producing concrete. The specific gravity of the ground glass powder, sand, granite, and the Portland cement were 2.50, 2.62, 2.70 and 2.90 respectively. The water absorption value for the sand is 0.42% and for granite is 0.25% as presented in Table 1 . Fig. 3 shows that the particle sizes of the Portland cement and waste glass powder used in this study are almost the same. 
Methods
Sample preparation: For the preparation of the control mixes, River sand (passing 4.75 mm sieve but retained on 0.075 mm sieve) and coarse aggregate (granite) of size 10 -20 mm combined with ordinary Portland cement were used to produce the concrete used in this study. The particle size distributions and fineness modulus of the sand and coarse aggregate materials was determined using the sieve analysis. All the design mixtures for the control concrete and concrete containing glass powder were batched by weight, using a mix proportion of 1:2:4 (cement: sand: granite) and a constant water -binder ratio of 0.5. The mixes were proportioned targeting a 28-day strength of 20 MPa. The mixes were mixed thoroughly to ensure good mix of all concrete constituents. Ground waste glass powder was used to partially substitute cement by the proportions: 15%, 18%, 21%, 24%, 27% and 30%. The workability of the various mixes including the control mix was determined by slump test in accordance with [52] . The batching of the concrete constituents for the different mixes and identification for each concrete mixture is given in Table 2 .
Tests on Hardened Concrete: Concrete cylinders of 100 mm diameter by 200 mm in height and cubes of dimension 150 x 150 x 150 mm were cast in mould and removed after 24 hours. Each casted specimen was appropriately labelled for identification. Both the cubes and cylinders were cured in water by immersion at room temperature and tested for compressive and split tensile strengths at ages of 3, 7, 14 and 28 days for each percentage replacement of cement with ground waste glass powder in the concrete. The average strength of three specimens was determined for the various tests. The compressive strength of concrete cubes and the split tensile strength of the concrete cylinders were determined in compliance with the provision of [53, 54] , using YES-2000 digital display compression machine. The microstructure of selected concrete specimens was observed on fractured surfaces. Fractured small concrete specimens were mounted on the SEM stubs, and no coating was applied on specimen's surface or polishing of their surfaces. The SEM studies of selected concrete samples were carried out using Phenom ProX scanning electron microscopy. The SEM tests were carried out concrete on specimens cured in water for 28 days. Preparation and testing of concrete specimens were carried out at the Structure and Materials laboratory of Civil Engineering Department of Covenant University, Ota, Ogun state. 
Results and Discussion
Pozzolanic activity of glass powder: Results of chemical composition tests using XRF on the cement and glass powder materials are shown in Table 3 . The oxides composition of ground waste glass powder compared well with the requirements of ASTM C618 [51] given in Table 4 on pozzolanic material. The code specified the requirements for a pozzolanic material to be accepted as a potential cement substitute. From the test result, the minimum percentage of SiO 2 + Al 2 O 3 + Fe 2 O 3 is 73.03% by mass compared to requirement of [51] of at least 70% by mass. Under the requirements of [51] , as presented in Table 4 , the waste glass materials used for the current study can be classified as class N natural pozzolan and has the potential to acceptably function as a substitute for cement. Furthermore, the material contains a very high percentage of silica and can be regarded as a siliceous material, which can chemically react with calcium hydroxide (Ca(OH) 2 ) from cement in the presence of moisture to form hydraulic cementitious compounds referred to as "calcium-silicate-hydrate" (C-S-H) gel. The C-S-H product has the potential to provide additional strength to the concrete properties [48] . Moreover, studies by [49] established that glass particle size less than 80 µm do not result in expansive alkali-silica reaction phase because the sodium content from the glass powder does not react with silica to form expansive sodium silicates hydrates. Strength activity index (SAI): Fig. 4 shows the results of 7 and 28-day strength activity index (SAI) of all the six concrete mixtures investigated in this study. According to the recommendations [51] , a pozzolan should have a minimum strength activity index of 75 % before it can be considered as a suitable cement substitute. It can be observed from the test results that only two mixes containing 21 % and 24 % glass powder satisfied the minimum threshold of 75 % as specified in [51] at 7-day, while at 28-day, four mixes which are; 15%, 18%, 21% and 24% respectively were able to achieved the minimum threshold of 75 % strength activity index. Furthermore, the results clearly show that concrete mix 21%GP shows the highest value of 99%. The results agreed with the findings of [31] , that finely ground glass powder show promising pozzolanic reactivity at dosage levels as high as 20%, and can be used as an effective pozzolanic material for replacement of cement in concrete. The results show that the strength activity index of concrete mixes tends to increase with the age of the concrete, but at early ages, the index values were low, which implies that the pozzolanic reactivity of the glass powder improves with the age of the concrete. In addition, the pozzolanic reactivity of glass powder can be attributed to the fineness of the glass particles. Studies done by [49] , also suggested that the relatively high strength activity index can be attributed to the high Na 2 O content in glass. The results of slump test are presented in the plot shown in Fig. 5 . The plot depicts the workability behaviour of the freshly prepared concrete mixes measured by the slump test. The results clearly show that the slump value was kept approximately constant between 15% and 21% cement replacement but slightly lower than the control. The slight difference is about 5 %, compared to the initial slump value of 40 mm recorded for the control at a constant water-binder ratio. However, a significant decrease in the slump was recorded at 24 % -30 % replacement of cement with ground glass powder. A decrease of about 30 % in the slump value was observed as the glass powder content increased from 24 % to 30 % cement replacement. The decrease in slump with increasing percent of glass powder content in the concrete is strongly correlated, r = -0.792. However, [15] noted glass powder improved the workability of concrete mixes when used as cement replacement in concrete mix, but reported a reduction in workability of concrete mixes containing glass powder as aggregate replacement, which was attributed to the increasing proportion of the powder materials in the concrete mixtures which create a higher water demand. In addition, studies suggested that the effect of glass materials on concrete workability (either in aggregate or powder form) can be related to three major factors, namely; geometry, smoothness, and surface area of the glass particles. This present results of the slump tests clearly show that workability decreases with increasing proportion of glass powder content. 
Properties of Hardened Concrete
Compressive Strength: Fig. 6 shows the compressive strength development for the concrete samples containing glass powder at 15%, 18%, 21%, 24%, 27%, 30% content and the control at different curing ages up to 28 days. From the results, it was observed that the compressive strength development of the concrete samples increased with age. The compressive strength of the control concrete was found to achieved the 28-day target strength of 20.15 MPa compared to other mixes containing glass powder, except mix containing 21% glass powder that also achieved the 28-day target compressive strength of 20.13 MPa. The application of the glass powder at 21% resulted in higher compressive strength at 28-day and higher strength activity index compared to the other mixes containing glass powder, indicating that the pozzolanic reaction of glass powder at 21% cement replacement is more effective than other proportions. The compressive strength of the control concrete at 28-day compared well with the concrete with 21% glass powder content. However, it is expected that the compressive strength for concrete samples containing glass microparticles will continue to improve beyond the age of 28 days. Furthermore, it was observed that increase in the dosage proportion of glass powder in the concrete beyond the 21% cement replacement resulted in lower 28-day compressive strength. The 28-day compressive strength results with increasing proportion of glass micro-particles in the concrete is strongly correlated, r = -0.750. Meanwhile, [42] reported that higher replacement levels of glass powder resulted in lower compressive strength. Consequently, it is justifiable to say that the addition of glass powder at dosage level beyond 21% as cement replacement in concrete resulted in lower compressive strength. However, improvement in the compressive strength was observed at increasing proportion of glass powder from 15% to 21%. The results show that glass micro-particles powder exhibited pozzolanic reactivity and thus showed a better compressive strength results at 21% glass powder content when it was combined with cement. Study by [16] corroborated that the strength development was due to the pozzolanic reactivity of the glass powder which is expected to further improve at higher ages beyond 28 days. Fig. 7 show the same results but with ordinate axis of relative compressive strength (compressive strength/compressive strength for control). The Fig. 7 shows the rate of strength gain in concrete containing 18% and 21% finely ground glass powder which is noticeably higher at early age of 3 days compared to the control implying that a pozzolanic reaction is occurring. Furthermore, it was also observed that the failure mode pattern of cube samples with glass powder were parallel to the direction of applied load as usually observed for conventional concrete cubes. Fig. 8 shows the split tensile strength at ages 3, 7, 14 and 28 days for the control concrete cylinders and concrete cylinders containing glass powder. The performance of the concrete under tensile stress is determined through the split tensile strength. Each result is the average of at least three experiments. The split tensile strength of the concrete without glass powder, after being cured for 28 days was 3.80 MPa. Tensile strength was observed to be decreasing as the proportion of glass powder in the concrete produced was increased. Compared to the compressive strength results, reduction trend in split tensile strength was more prominent. Using 15%, 18% and 21% addition of glass powder, there was a decrease of 34%, 44% and 45% in tensile strength respectively, while there was a decrease of 51% in the tensile strength of concrete with 24% of glass powder. When the proportion of glass powder was 27%, a decrease of 50% was observed for 28-day curing age. However, when this proportion increased to 30%, 61% decrease in the split tensile strength was recorded. The 28-day tensile strength results with increasing proportion of glass powder in the concrete was found to be strongly correlated, r = -0.979. This implies that, incorporating of glass powder as cement replacement has significant influence on the tensile strength of the concrete mixtures, especially at higher dosage replacement levels. However, the results depict that as the ages of the concrete specimens increased, the tensile strength increased. Fig. 9 shows the same results but with ordinate axis of relative split tensile strength (split tensile strength/split tensile strength for control). The results show a decrease in the tensile strength compared to the control. The splitting pattern of the concrete cylinder was observed to be passing through the middle of the concrete cylinder. The results clearly indicate that the use of more than 24% cement replacement with ground waste glass powder during the process of design and production of sustainable concrete is not recommended, this is to ensure the development of significant strength that can withstand compressive load of at least 20 MPa. Again, this value of compressive strength may be adopted for structural design of various structural members of concrete structure.
Microstructural Examination
Scanning Electron Microscopy (SEM): Fig. 10 -12 shows the scanning electron microscopy (SEM) images taken from the fracture surface of selected concrete samples. The microstructural examination was conducted to further assess the hydration process at the microscopic level. The surface of the selected concrete sections was not polished, and all the concrete sections were examined at the curing age of 28 days. Fig. 10 shows the micrograph for the control concrete, without glass powder, while Fig. 11 and Fig. 12 shows the SEM micrograph for the 21% and 30% glass powder as cement replacement respectively. As shown in the SEM images, when the waste glass powder content increases in the concrete, porosity increased which may have caused the lower strength of the concrete at higher dosage level of the glass powder. The SEM images show the hydration process of concrete with 21% glass powder as cement replacement becomes denser at 28 days (Fig. 11 ) which indicates the continued process of pozzolanic reaction which further improve the strength development of the concrete especially at latter ages. 
Conclusions
This research examined the sustainable use of ground waste glass powder to partially substitute Portland cement in production of normal strength concrete for structural application. The following conclusions can be deduced:
1. Following the recommendations of ASTM C618, glass powder can be accepted as pozzolan to function as a replacement for cement in the production of normal concrete. The results proved that the finely ground glass exhibit pozzolanic behaviour. 2. Based on the 28-day strength activity index, concrete containing 15% -24% glass powder can be used as cement replacement; however, 21% cement replacement shows a higher strength index. Therefore, 20% cement replacement can be adopted as the optimum dosage level.
3. A decrease in workability of the freshly prepared concrete can be observed as the glass powder content increases. 4. All concrete containing glass powder content show considerable improvement in compressive strength development at 28-day compared with the control due to the pozzolanic reactivity of the glass powder. However, at 28-day, a significant improvement in compressive strength of the hardened concrete was observed at 21% replacement, then followed by a gradual decline in the strength. However, due to continuation of the pozzolanic reaction of the glass powder, it is expected that the compressive strength will improve with increase ages beyond 28 days. It is recommended that replacement of cement with glass powder can be used up to 21% as pozzolan in the production of normal weight concrete in order to mitigate the effect of ASR. 5. The tensile strength exhibits a reduction trend in strength at increasing glass powder content.
However, it is again expected that the tensile strength will continue to increase with ages. 6. Observations from SEM analysis confirmed C-S-H presence at 28-day curing age.
Furthermore, increase porosity can be seen at increased glass powder content.
The implication of this study is that utilizing waste glass powder to partially substitute cement in concrete for structural application is possible and will significantly benefits the environment in achieving sustainable development through; waste reduction, energy and natural resources saving thereby reducing the amount of greenhouse gases emitted into the atmosphere. Considering, also the non-biodegradable nature of waste glass and its nuisance to effective landfill operations, reusing waste glass in concrete is an environmentally sustainable alternative of removing the menace of glass waste from the environment.
